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Many of the irrigation practices that fa rmers  use a r e  the result of t r ia l  
and e r ro r .  Some have developed good practices while others a r e  still 
using inefficiept methods. Inefficient water use i s  costly in t e rms  of 
water bills, pumping costs and lower yields. By understanding a few 
basic principles of irrigation you may be able to improve your irrigation 
efficiency and increase crop yields. 
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Figure 1. The Root Zone 

The root zone, Figure I ,  i s  that portion of the soil from which pIants 
obtain moisture and plant food. The root zone for potatoes i s  generally 
considered to  be about 2.4 inches. The purpose of irrigating i s  to f i l l  
the root zone with a s  mu.ch water a s  it will hold. Water which i s  applied 
to a field but does not enter, o r  remain, in the root zone is wasted. 
The amount of wasted water can usually be reduced with proper irr iga- 
tion pra.ctices. Inefficient irrigations a r e  due to one or  more of the folloowwiinng~~~~~ ---- ~ ---- ~ - - - ~ - ~ ~ ~  ~ ---- ~ -------- ----- 

1. Head ditch loss, 
2 .  Deep penetration, 
3 .  Field run-off. 

The first loss of water under surface irrigation i s  that which is lost from 
the head ditch, a s  shown in Figure 2. Field measurements have shown 
head ditch losses to range from less  than $50. 00 to over $400. 00 per 
year on Columbia Basin farms. Concrete o r  other permanent lining 
materials will control most water losses from the head ditch. 

Water which penetrates the soil and moves through the root zone i s  lost 
by deep penetration. Plant roots cannot use water lost by deep penetra- 
tion. This water usuajly carr ies  some of the soluble plant food out of 
the root zone, lowering crop yields. Excessive deep penetration and 
other losses will frequently build up water tables, requiring under- 
ground drainage. 



Water which runs off the end of a field cannot always be reused on the 
farm. Since this loss is easy to see, i t  usually receives more attention 
than water Lost: by other methods. 

Losses of water by deep penetration and field runoff can be reduced by 
adjusting the flow of water into each furrow and adjusting the duration 
of the irrigation set. 

It is important to understand the wetting pattern which occurs when a 
field is surface irrigated. As water is applied to the field it moves in 
two directions; along the furrow and from the furrow into the root zone. 
Initially, the water advances quite rapidly along the furrow, a s  shown in 
Figure 3 .  Its rate of advance, however, diminishes a s  the water pro- 
gresses,  providing the surface soil is uniform. At some point the water 
will stop advancing. On the other hand, water moving from the furrow 
into the ~ o o t  zone advances rapidly at  first and then slows down to a 
near  constant rate, provlding the subsoil i s  uniform. 

Figure 3 .  Water Movement When Surface Irrigating. 

When a large stream and a small s t ream of water a r e  started at the 
same time in adjacent furrows, the water from both furrows will pene- 
t ra te  into the root zone at approximately the same rate, see  Figure 4. 



The larger stream, however, will advance down the furrow further 
and at a faster  rate. If the stream of water does not reach the end of 
the furrow a s  soon a s  we desire, we have orlly to use a larger stream. 
On the other hand, i f  the stream advances too rapidly we can slow its 
rate of advance by reducing the s t ream size. 

Figure 4. Water Movement When Different Amounts of Water 
Are Applied 

Water will rapidly penetrate into the root zone of the sandy soil but will 
not advance very far  down the field. In a fine-textured soil the same 
size will not penetrate a s  deep but will advance much further down the 
furrow, during the same period of time. See Figure 5. Therefore, it 
is evident that water losses on sandy soils are  primarily due to deep 
penetration while losses on fine textured soils a r e  mainly due to runoff 
a t  the lower end of the field. Efficient irrigation practices on sandy 
soils require large streams of water for  a short period of time. On 
fine-textured soils, small s treams of water should be applied over a 
long period for maximum irrigation efficiency. 

Figure 5. Water Movement Under Different Soil Conditions 

The efficiency of irrigation can be increased also by varying the s t ream 
size during an irrigation. A Large s t ream i s  applied initially, forcing 
the water through the furrow. The s t ream is then reduced to a size 
which will just continue to wet the root zone along the furrow. This 
method will increase the labor required for each irrigation. 

In the Columbia Basin, water is  generally considered less  costly than 
the labor required to make very frequent irrigation changes. This is 
particularly true i f  frequent changes must be made throughout the 



entire irrigation season. Considerable evidence indicates that cut-back 
irrigation during the f irst  two irrigations in the spring would greatly 
reduce water losses, particularly on sandy soils. 

Farmers  generally use only one size of siphon tube for the entire ir- 
rigation set. If the proper s t ream size and set time a r e  used, along 
with good irrigation scheduling, they usually can obtain fairly efficient 
irrigations with the constant flow method of irrigating. 

A rule of thumb commonly accepted by irrigators i s  that water should 
reach the end of the furrow in 113 the irrigation set time, Figure 6.  
When water reaches the end of the field in one-third of the set time, 
the root zone at the lower end of the field i s  filled during the remaining 
two-thirds of the set. Using this rule, farmers can usually keep water 
losses due to  deep penetration and run-off at a minimum. 

& Last - - Root Zone ---- 2/3 set 
-Zr 

Water Penetration 

Figure 6. Water Penetration During Irrigation 

The time required for water to reach the end of a furrow can be adjusted 
~~~ 

---- ~~~ 

Sy--sGIecting t k  proper siphon flow. The main factor that deterrrlines 
the length of an irrigation set,  therefore, i s  the time required to f i l l  out 
the root zone. The set time will equal that time needed for water to 
reach the end of the furrow (about one-third the set time) plus the time 
required to f i l l  the root zone (two-thirds the set time). 

An example; If it takes 8 hours to f i l l  the root zone, then the set time 
shou-ld be about 12 hours. The water should reach the end of the furrow 
in 4 hours. 

8 hours + 4 hours = 1 2  hours 

When the moisture has penetrated about 314 the depth of the root zone, 
18 to 20 inches for potatoes, the root zone can be considered sufficiently 
wet. The movement of water will continue after the irrigation and will 
moisten the soil to the bottom of the root zone. 

A shovel o r  auger can be used to determine water penetration in a dry 
soil, Figure 7. Other devices useful to determine soil moisture con- 
ditions in a dry soil a r e  electrical resistance blocks and probe rods. 



The rods can be made of material found around the farm. 

Electrical Resistance 
Au-ger o r  b l o c k s  and Meter 

Figure 7. Methods of Determining Water Penetration in Soil. 

Potato fields a r e  usually not allowed to  become very dry between ir- 
rigations. A visual examination of moisture movement in a potato field 
is not satisfactory. Therefore, a soil moisture tensiometer, placed 
about 20 ~ n r h e s  deep, will indicate when the water reaches that depth 
by a sudden drop in tension. 

If moisture movement is not sufficient to  wet the soil around the potato 
plant by the time the water bas reached the bottom of the root zone, the 
trouble may be due to: 1 )  furrows spaced too Ear apart, 2 )  shallow 
planting of the seed piece, requiring an excessive amount of hilling, o r  
3 )  the soil. needs some compacting to increase i ts  ability to transmit 
water by capilary movement. 

---- ---- ----- ~ 

The maximum length of an irrigation run shou1.d not exceed the distance 
which can be reached by the largest non-erosive s t ream in one.-third 
of the irrigation set time. This distance can be determined by setting 
various sized siphon tubes and observing the erosion and the distance 
reached by each stream in one-third the set time, see Figure 8.  To 
be sure the irrigation run is not too long, this test should be made on 
soil conditions similar  to those occurring in early irrigations. 

Figure 8. Maximum Length of Irrigation 



The maximum non-erosive stream also can be approximated, in gallons 
per  minute, by dividing the slope (in feet per hundred feet) into 10 .  For  
example: A field with a 2 percent slope would have a maximum stream 
of 5 gallons per minute 62 divided into 10) .  This amount of water would 
be delivered by a 3 / 4  inch siphon at 4 inches of head. 

Some variations of these rules can be expected. F o r  example: A soil 
with a hard rock barr ier  at 2 feet would theoretically have an almost 
infinite length of run, Figure 9. Deep penetration loss could not occur 
under these conditions. From a practical standpoint, long runs on this 
condition would saturate the soil at  the head end of the field, so that 
yields would be reduced because of the lack of root aeration. 

Figure 9. Water Penetration in Soil With Underlying Rock Barr ier  

In general, efficient irrigation will result i f  the following practices a r e  
followed: 

1. Line head ditches. 

2 .  Time required to f i l l  the root zone should represent 213 of 
the irrigation set time. 

3 .  Water should reach the end of the field in 113  of the irrigation 
- .  r~ ~~~~~~ ~ - ~ . ~  ~~~~~~~~~~~~~~ ~ ~~ ~~~~~~~~-~~~~~~~~~ 

4. The length of irrigation run should not exceed the distance 
reached by the largest non-erosive s t ream in 113  the set 
time. 

5. Properly schedule irrigations. 

6. Sprinkler irrigation o r  deep rooted crops should be considered 
when the theoretical set time i s  too short for practical sur-  
face irrigations. 




